Objectives: To compare MRI manifestations according to gender and age and to identify correlations between clinical manifestations and MRI findings in patients with temporomandibular disorder (TMD) as based on a large series. Materials and Methods: Fat suppressed oblique sagittal images of the open and closed mouth were acquired, and MRI scanning parameters were applied. Results: The patients consisted of 946 females (average, 36.6 years old), and 319 males (average, 34.3 years old). In all TMD patients, 945 had symptoms in the unilateral temporomandibular joint (TMJ) and 320 in the bilateral TMJ. There were significant differences in the distribution of disk positions based on age, regardless of gender, in the unilaterally and bilaterally symptomatic groups; however, the results were not significant in the asymptomatic group. There were significant differences with respect to the distribution of disk positions between males and females in asymptomatic group and in the unilaterally symptomatic group, although the bilaterally symptomatic group did not show significant differences in this regard. As regards the disk positions in the joints of the three groups (asymptomatic group, unilaterally and bilaterally symptomatic groups), there were significant interactive effects of disk positions, regardless of gender. There were statistically significant age-related differences in disk deformities in all symptom groups, regardless of gender, except for in the group of males lacking symptoms in either joint. As regards disk deformities among the three groups studies here, there were significant interactive effects for disk positions, regardless of gender.
INTRODUCTION
Temporomandibular disorder (TMD) is a disease which causes wide-ranging and diverse clinical symptoms in the head and neck region. Headache, prosopalgia, movement disturbance, and joint noise develop in the temporomandibular joint (TMJ), masticatory musculature, and associated anatomical structures [1, 2] . It is generally reported that the occurrence rate of TMD begins to increase in the 2nd decade of life, unlike other joint diseases in the human body [3, 4] . Isberg et al. [4] reported from a study of 248 consecutive patients that there was a statistically significant peak in the development of TMJ disk displacement expressed with subsequent pain during adolescence. Katzberg et al. [5] reported that the incidence of joint noise increased in by approximately 17.5% for 2 years when the subjects were in their late teens. Howard [6] reported finding a majority of patients with TMD in the range of 15 to 45 years old. It has also been reported that approximately 25% of one sample had TMDrelated clinical symptoms [7] . Schifman et al. [8] reported the results of an epidemiological study of patients without *Address correspondence to this author at the Department of Oral and Maxillofacial Radiology, Field of Tumor Biology, Okayama University Graduate School of Medicine and Dentistry, 5-1, Shikata-cho, 2-Chome, Okayama-city, Okayama 700-8525, Japan; Tel: +81-86-235-6706; Fax: +81-86-235-6709; E-mail: asaumi@md.okayama-u.ac.jp symptoms of TMD, noting that approximately 75% of the subjects studied showed TMJ dysfunction manifestations such as mandibular motor abnormality, joint noise, and tenderness upon palpation; furthermore, approximately 33% of those subjects exhibited clinical symptoms such as arthralgia, prosopalgia, and a limited range for the opening of the mouth. Huber et al. [9] also reported that approximately 50% of their sample showed joint noise or mandibular deviation upon opening the mouth, and approximately 5% of the subjects exhibited limited ability to open the mouth. Barclay et al. [10] revealed that over 30% of their study sample showed more than one TMD-related clinical symptom, and only approximately 5 to 7% of their subjects required treatment for TMD. Therefore, the diagnosis of TMD should be based on each patient's past history, as well as on the clinical and radiological manifestations.
As regards the association between a patient's clinical manifestations and the interpretation of MR images in the diagnosis of TMD, Margulles-Bonnet et al. [11] reported a congruity of approximately 60%; Robert et al. [12] reported a congruity of ca. 58%; and Paesani et al. [13] reported a congruity of ca. 43%. Emshoff et al. [14] reported that pain in the TMJ region had no remarkable relationship to internal TMJ derangement diagnosed by MRI. Haley et al. [15] also reported finding no significant correlation between pain in the TMJ region and disk displacement identified using MRI. Moreover, Barclay et al. [10] demonstrated that the clinical diagnostic criteria can be an index of TMJ internal derangement, but that such criteria do not reveal the degree of disk displacement. In contrast, Tasaki et al. [16] showed a correlation between disk displacement and TMD; 18% of a symptomatic group and 70% of an asymptomatic group showed normal disk placement. Likewise, Larheim et al. [17] showed similar rates of 22% and 65%, respectively. There remains much controversy surrounding the correlation between clinical and MRI manifestations in patients with TMD. Reports of TMD presenting as a lump in younger patients have provided only insufficient evidence, as have reports that TMD most often occurs among females. It has also been noted that MRI examination can produce varied results due to the variety of judgment criteria [14] [15] [16] [17] [18] [19] [20] [21] . It is necessary to more accurately assess tentative clinical diagnoses when arriving at a treatment plan for patients with TMD. Moreover, it is considered to be very important to define the morphologic and functional changes in the anatomical structure of the TMJ region and to follow the progression of TMD based on the clinical manifestations observed upon MRI in patients with TMD.
So, we thought that disk position and disk deformity might be different because of the age and gender, and then that they might influence clinical symptoms. Thus, we conducted the present comparative observation of MRI manifestations according to gender and age in order to identify the correlation between clinical manifestations and MRI findings in a large sample of patients with TMD.
MATERIAL AND METHODS
We conducted a study of patients with TMD who had been screened by a retrospective evaluation of case histories. The evaluation included the cases of 1,500 consecutive patients who underwent MRI of the TMJ region at Okayama University Hospital of Dentistry at some point in time during the four years ranging from 1998 to 2001. All subjects gave their informed consent. The patients with symptoms of TMD were selected among those who underwent the appropriate clinical examination and registration. Patients were excluded who had undergone diagnostic examination for orthodontic treatment or orthopedic surgery that was not related to their chief complaint, those who were suspected of having a neoplasm (e.g., osteochondroma or synovial condromatosis, etc.) in the TMJ region, those who were suspected of having pain related to an infection in the jaws and/or salivary glands, those who suffered from headache (and were therefore difficult to differentially diagnose), and those who had a past history of trauma within three months prior to the examination. Several cases that were difficult to evaluate due to the low quality of the MR images were also excluded. MRI interpretation was performed in a confidential manner. Following the process of exclusion, a total of 1,265 patients were enrolled in the present study.
After the clinical evaluation and case history examination of the TMJ had been carried out, TMJ joints were classified as follows. The following joints were included in the asymptomatic group: those presenting without subjective symptoms; those which, according to the patient's self-report, had not previously required treatment or diagnosis due to joint noise, pain, or mouth-opening disturbances; and those lacking positive results upon examination for the present episode. The remaining TMJ patients were categorized either into the unilaterally symptomatic group (patients with unilateral symptoms in the TMJ) and the bilaterally symptomatic group (patients with bilateral symptoms in the TMJ). The unilateral symptom group was subdivided into two further groups, i.e., asymptomatic and unilaterally symptomatic joints; thus, 3 experimental groups were formed. Each experimental group was classified by gender, and then, each gender group was divided into seven stages from the 2nd decades of life (ages [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] to the 8th decades of life (ages 70-79). Each experimental group underwent MRI examination in order to observe disk positions and disk deformities.
MRI Interpretation
During MRI examination of both TMJs, the head was positioned with a Frankfort's line vertical to the table of the MRI device, thus acquiring oblique sagittal plan images vertical to each condylar angulation from the intercuspal position and the maximum opening position. The MR examinations were performed using a 1.5T unit (Magnetom vision; Siemens, Erlangen, Germany) with a TMJ surface coil. at the open and closed mouth were acquired. According to the abovementioned provisions, seven slice of images were obtained for each unilateral joint and a multi-slice examination was carried out each of cases. Osiris 4.19 (University Hospitals of Geneva, Switzerland) from the freeware Dicom viewer software was used to evaluate the obtained images on a highresolution screen displayer for interpretation by two experienced and skilled oral and maxillofacial radiologists (Choi & Yanagi) . Interpretation was conducted according to predetermined criteria (see below for details), and conclusions were arrived at on a consensus basis in cases involving any disagreement between observers. The interpretation of specific features for observation was carried out according to the following criteria.
Disk Position
The intermediate zone criterion of disk displacement suggested by Orsini et al. [19] was used to determine disk displacement of the TMJ upon interpretation of the images of patients with TMD. A case meeting determined as normal in all slices was used as a control. Joints thought to exhibit disk displacement underwent angular measurement at the mesial, central, and lateral regions of each joint on the basis of the method of Rammelsberg et al. [20] . As regards angular measurement, image of each slice were evaluated to measure identical regions among all slices of the following 3 regions: the uppermost point of the borderline between the posterior band and the retrodiskal tissue, the central point of the thickest part of the posterior band, and the central point of the intermediate zone. Both evaluation and measurement were carried out on the oblique sagittal plane, and the following criteria were used for the classification of disk positions and for mouth closing positions. a) Normal superior position (NS): The intermediate zone of the disk was located between the articular surface of the condyle and the posterior slope of the articular eminence in all slices according to the intermediate zone criterion (Fig. 1a) .
b) Partial disk displacement in the mesial region (PM): Disk displacement was observed in the image slice of the mesial region of the condyle according to the intermediate zone criterion, and the disk was normally positioned in the remaining image slices (Fig. 1b) .
c) Partial disk displacement in the lateral region (PL): Disk displacement was observed in the slice of the lateral region of the condyle, according to the intermediate zone criterion, and the disk was positioned normally in the remaining slices (Fig. 1c) .
d) Complete disk displacement with severe anterior displacement in the mesial region (CM): Anterior displacement was seen in all slices, according to the intermediate zone criterion, and the disk was located more than 15 degrees anterior to the lateral area with respect to the mesial region, based on angular measurements (Fig. 1d ).
e) Complete disk displacement with more anterior displacement in the lateral region (CL): Anterior displacement was seen in all slices according to the intermediate zone criterion, and the disk was located more than 15 degrees anterior to the mesial region in the lateral region based on angular measurement (Fig. 1e) .
f) Complete disk displacement with severe anterior displacement in all regions (CA): Anterior displacement was seen in all slices according to the intermediate zone criterion, and the displacement was less than 15 degrees compared to the mesial region in the lateral region in all image slices. This criterion also included cases with severe anterior displacement of more than 70 degrees, observed in all slices, regardless of the difference between mesial and lateral structures (Fig. 1f) .
Disk Deformities
Determination of disk deformities was based on images of the intercuspal area and images of the mouth opening, both of which were obtained using an assistant apparatus. An evaluation of disk configurations was carried out in order to 
Statistical Analysis
A chi-square (X 2 ) analysis was performed in order to test differences in the frequency of disk positions and disk deformities according to age and gender within the appropriate experimental group and to identify differences in disk deformities according to disk position in each experimental group. Two-way ANOVA was carried out to identify differences in the rate of manifestation of particular disk positions and disk deformities among asymptomatic joints, unilaterally symptomatic joints, and bilaterally symptomatic joints among males, females, and all patients. The empirical analyses were all tested at a significance level of p<0.05, and statistical processing was carried out using the SPSSWIN 11.0 program. Fig. 2 ).
RESULTS

The
Disk Position in the Asymptomatic Joint Group According to Gender and Age (Table 2) Among females, NS (57%) had the highest frequency, followed by CA (21%) and PL (10%); however, there was no significant difference with respect to age (p>0.05). Among the males, NS (69%) showed the highest frequency, followed by CA (16%) and PL (7%); however, there was no significant difference with respect to age (p>0.05). Among all of the patients, NS (60%) was the most frequency observed. As regards disk position, NS (50%) showed the lowest frequency in the 5th decade of life, but this result did not reveal a significant difference with respect to the frequency of disk positions according to age (p>0.05). Significant differences in the distribution of disk position between males and females were observed, i.e., rates of 69 % and 57 % were observed in the NS group, 16% and 21% in the CA group, and 3.2% and 6.9% in the CL group, respectively (p<0.05).
Disk Positions in Unilaterally Symptomatic Joints
According to Gender and Age (Table 3) Among females, CA (40%) showed the highest frequency, followed by CL (26%) and NS (21%). With respect to disk position, a higher frequency of CL (40%), but a lower frequency of NS (10%) was observed in the 2nd decade of life, in comparison with the other age groups. Patients in their 8th decade showed a high frequency of CA (56%), followed by those in the 4th decade and 6th decade, which were both at the 46% level. Patients in their 7th decade showed a high frequency of NS (30%), followed by patients in the 3rd decade (26%). There were statistically significant differences in terms of the distribution of disk position according to age in females (p<0.05). In males, NS (48%) was the most frequency observed, followed by CA (24%) and CL (16%). As regards disk position in the 2nd decade of life, higher frequency of CL (36%) and CA (31%) were observed, but a lower frequency of NS (22%) was observed than in the other age groups. Patients in their 5th and 8th decades showed a higher frequency of NS, i.e., 74% and 77%, respectively, than did those in the other age groups. There were statistically significant differences in terms of the distribution of disk position according to age among males (p<0.01). In the group including all patients, CA (36 %) was the most frequency observed, followed by NS (28%) and CL (23%). The disk positions in patients in their 2nd decade showed a higher frequency of CL (39%), but a lower frequency of NS (14%) than those in the other age groups. The patients in their 8th decade showed the highest frequency of CA (45%), followed by those in their 4th decade and 7th decade, i.e., bi-lateral uni-lateral both of the latter were at the 42 % level. Those in their 7th and 8th decades showed a higher frequency of NS, i.e., 40% and 38%, respectively, than those in the other age groups. There were statistically significant differences in terms of the distribution of disk position according to age among all patients (p<0.001). As regards the distribution of disk positions between males and females, the following significant differences were observed: 48% and 21% in the NS group, 24% and 40% in the CA group, and 16% and 26% in the CL group, respectively (p<0.001).
Disk Positions in Bilaterally Symptomatic Joints According to Gender and Age (Table 4)
Among females, NS (34%) was the most frequently observed group, followed by CA (30%) and CL (19%). As regards disk position, patients in their 2nd decade showed a higher frequency of CA (34%) and CL (28%), but a lower frequency of NS (21%) than did the patients in the other age groups. Patients in their 8th and 7the decades showed high frequencies of CA, 56% and 42%, respectively. Those in their 6th and 7th decades showed high frequencies of NS, 46% and 42%, respectively. There were statistically significant differences in terms of disk position frequency according to age in females (p<0.05). Among males, NS (46%) was the most frequently observed group, followed by CA (28%) and CL (14%). As regards disk position in the 2nd decade of life, a higher frequency of CA (53%), but lower frequency of NS (22%) was observed than in the other age groups. The older the patients were, the higher was frequency of NS. Statistically significant differences were observed among males terms of the frequency of disk position according to age (p<0.05). In all of the patients, NS (37%) was the most frequently observed, followed by CA (30%) and CL (18%). Also with respect to disk position, a higher frequency of CA (40%) and CL (25%), but a lower frequency of NS (21%) was observed among teens than those in the other age groups. Those in their 8th and 7th decades showed a high frequency of CA, i.e., 50% and 42%, respectively. Those in their 6th and 5th decades showed a higher frequency of NS, i.e., 48% and 41%, respectively, than those in the other age groups. There were statistically significant differences in the frequency of disk positions according to age in the group in which all patients were considered together (p<0.001). As regards the distribution of disk position in males and females, no significant difference were observed, i.e., 46% and 34% in the NS group, 28% and 30% in the CA group, and 14% and 19% in the CL group, respectively (p>0.05).
Disk Positions in Three Experimental
Groups; Asymptomatic, and Unilaterally, and Bilaterally Symptomatic Joint Groups (Two Way ANOVA Analysis)
As regards disk position among asymptomatic participants, and the unilaterally, and bilaterally symptomatic males, females, and total patient sample, there were significant interactive effects of disk positions according to groups (p<0.001). These results demonstrated significant differences in terms of frequency of disk positions among all three groups, i.e., the asymptomatic group and the unilaterally and bilaterally symptomatic groups. Disk Deformities in Asymptomatic Joints According to Gender and Age (Table 5) In females, NS (57%) was most commonly observed, followed by BC (19%) and BV (13%). The disk deformities in study participants in the 4th decades of life (44%) were associated with the lowest frequency of NS, whereas participants in their 7th decade (65%) showed the highest frequency of disk deformity. Subjects in their 4th decade (23%) showed the highest frequency of BV, whereas the lower and higher age groups tended to exhibit decreased frequency in this regard. Whereas the frequency of FO tended to be inversely proportional to age, that of FL and AM tended to be proportional to age. There were statistically significant differences in terms of the frequency of disk deformity according to age in females (p<0.001). In males, NS (69%) was most commonly observed, followed by BC (17%) and BV (5%); however, no significant difference in the frequency of disk deformity was found to be associated with age (p>0.05). When all patients were considered together, NS (60%) was most frequently seen, followed by BC (18%) and BV (11%). Disk deformities in their 7th and 8th decades showed a higher association with NS, i.e., 68% and 70%, respectively, in comparison with the disk deformities in other age groups. Subjects in their 2nd decade (24%) showed a higher frequency of BC, whereas those in 3rd (19%) and 4th decades (20%) showed a higher frequency of BV than did those in the other age groups. There were statistically significant differences in terms of the frequency of disk deformity according to age in the total patient sample (p<0.001). As regards the distribution of disk deformity among males and females, significant differences were observed, i.e., 69% and 57% in the NS group, 17% and 19% in the BC group, and 5% and 13% in the BV group, respectively (p<0.01).
Disk Deformity in the Unilaterally Symptomatic Joints
According to Gender and Age (Table 6) In females, BV (25%) was most commonly seen, followed by BC (24%), FO (23%), and NS (21%). The disk deformities in subjects in the 2nd decade of life showed a higher frequency of BC (34%) and FO (36%), and a lower frequency of NS (10%), than was observed in the other age groups. BV was the most frequently seen among subjects in their 6th decade (38%), and was least often seen among those in their 2nd decade of life (16%). Although no AM was observed among those in their 2nd and 3rd decades, the frequency of AM tended to be proportional to age. There were statistically significant differences in terms of the frequency of disk deformity according to age among females (p<0.001). In males, NS (48%) was most frequently seen, followed by BC (21%) and FO (18%). As regards disk deformities in subjects in their 5th and 8th decades, a higher frequency of NS, i.e., 74% and 77%, respectively, was observed than in the other age groups, whereas subjects in their 2nd decade (22%) showed the lowest frequency of disk deformity. FO was the most frequent among those in their 2nd decade (46%), whereas BV was most commonly seen among those in their 4th decades (25%). There were statistically significant differences among females in terms of the frequency of disk deformity in association with age (p<0.001). When all of the patients were considered together, NS (28%) was the most frequently observed, followed by BC (23%) and FO (22%) and BV (22%). As regards disk deformity among subjects in their 7th and 8th decades, a higher frequency of NS, 40% and 38%, respectively, was observed than was observed in the other age groups, whereas subjects in their teens (14%) showed the lowest frequency of NS. Subject in their 2nd decade of life showed a higher frequency of BC (29%), while those in their 6th decade showed a higher frequency of BV (34%) than did those in the other age groups. Subjects in their 2nd decade (40%) showed a remarkably higher frequency of FO than did the other age groups. When all patients were considered together, statistically significant differences were observed in terms of the frequency of disk deformity according to age (p<0.001). As regards the distribution of disk deformities among males and females, significant differences were observed, i.e., 48% and 21% in the NS group, 21% and 24% in the BC group, and 11% and 26% in the BV group, respectively (p<0.001).
Disk Deformity in Bilaterally Symptomatic Joints
According to Gender and Age (Table 7) Among females, NS (32%) was most frequently observed, followed BC (23%), BV (21%), and FO (15%). As regards disk deformity assessed in terms of age, NS was most frequently observed among those in their 6th and 7th decades, i.e., 46% and 42%, respectively; however, a low frequency of this type of deformity was observed among those in their 2nd and 8th decades, i.e., 21% and 19%, respectively. BC was frequently observed (40%) among those in their 4th decade; FO (22%) was frequently observed among those in their 2nd decade; and BV (33%) was frequently observed among those in their 7th decade. FL (25%) and AM (19%) showed high frequencies among subjects in their 8th decade. There were statistically significant differences in terms of the frequency of disk deformity according to age in males (p<0.001). In males, NS (45%) exhibited the highest frequency, followed by FO (21%) and BC (20%). As regards the frequency of disk deformity according to age, NS was found to be frequent among those in their 5th decade (63%) than among those in the other age groups, whereas those in their 2nd decade (22%) showed the lowest frequency of disk deformity. FO was the most frequent among those in their teens (50%), while BC was the most frequently observed among those in their thirties (36%). There were statistically significant differences among males in terms of the frequency of disk deformity according to age (p<0.05).
As regards the assessment of all patients together, NS (3 %) was the most frequent observed, followed by BC (22%), BV (17%), and FO (16%). As regards the assessment of disk deformity with respect to age, NS was more frequently observed among those in their 7th decade (46%) than it was among the other age groups, whereas it was infrequently observed among those in their teens (21%). BC was more frequent among those in their 4th decade (39%), whereas BV was more frequent among those in their 7th decade (33%) than it was in the other age groups. Subjects in their 2nd decade of life exhibited a remarkably higher frequency of FO (31%) than did those in the other age groups. There were statistically significant differences in terms of the frequency of disk deformity according to age in the group that included all patients (p<0.001). As regards the distribution of disk deformities among males and females, significant differences were observed, i.e., 45% and 32% in the NS group, 21% and 15% in the FO group, and 6% and 21% in the BV group, respectively (p<0.001).
Frequency of Disk Deformity in Three Experimental
Groups: Asymptomatic, and Unilaterally and Bilaterally Symptomatic Joint Groups (Two-Way ANOVA)
As regards disk deformity among asymptomatic subjects, and those with unilateral, and bilateral symptoms among males, females, and all patients considered together, there were significant interactive effects with respect to disk position by group (p<0.01 for males; p<0.05 for females; and p<0.001 for the group of all patients). These results demonstrated significant differences in terms of the frequency of disk positions among asymptomatic subjects, as well as among the unilaterally and bilaterally symptomatic groups.
Disk Deformities According to Disk Position
In the asymptomatic joint group, males and females showed frequencies of NS-NS of 69 % and 57 %, respectively; thus, the frequency of NS-NS among all patients was 60%. Females showed a 9% frequency of CA-BV, while males showed a 6% frequency of PL-BC; therefore, the entire patient showed an 8% frequency of CA-BV. Joints with disk displacement, but without disk recapture, had frequency of 36%, 50%, and 47%, respectively, among males, females, and all patients. Among the joints showing disk displacement, those exhibiting complete disk displacement (CM+ CL+CA) showed respective frequencies of 58%, 72%, and 69% (Table 8, Fig. 3) . In the unilaterally symptomatic joint group, males and females showed frequencies of NS-NS of 48% and 21%, respectively; thus, the total frequency was 28% among all patients. Females showed 15% frequency of CA-BV and a 10% frequency of both CL-FO and CA-FO. Males showed a 10% frequency of CL-FO and an 8% frequency of PL-BC. The group of all patients showed a 13% frequency of CA-BV and a 10% frequency of both CL-FO and CA-FO. Joints with disk displacement but without disk recapture had frequencies of 49%, 67%, and 64% among male, female, and all patients, respectively. Among subjects with this latter type of joint, those with complete disk displacement (CM+CL+CA) showed respective frequencies of 59%, 75%, and 72% ( Table 9 , Fig. 4 ).
In the bilaterally symptomatic joint group, the respective male and female frequencies of NS-NS were 44% and 33%, thus, the total frequency was 36% all of patients. A 12% frequency of CA-BV, and a 10% frequency of both CL-FO and PL-BC were observed among females. Males showed an 11% frequency of CA-FO and a 10% frequency of CL-FO. The group including all patients showed a 10% frequency of CA-BV, an 8% frequency of CL-FO, and an 8% frequency of PL-BC. Joints exhibiting disk displacement, but which did not show disk recapture, had frequencies of 30%, 56%, and 51% among males, females, and all patients, respectively. Among the subjects whose joints exhibited this latter type of displacement, those with complete disk displacement (CM+CL+CA) had frequencies of 39%, 69%, and 64%, respectively (Table 10, Fig. 5 ).
DISCUSSION
To arrive at an adequate diagnosis of and appropriate treatment for TMD, it is necessary that the morphological and functional evaluation of the anatomical structure of the TMJ is accurate, as based on the examination of imaging studies, as well as patient's clinical manifestations. Conventional radiography, conventional tomography, computerized tomography (CT), athrography, and MRI are primarily used in image-based examinations of TMD. Conventional radiography enables the assessment of general degenerative or traumatic bone changes, as well as that of the range of motion of the mandibular condyle. However, with this mode of analysis, it remains difficult to determine the correct position of the mandibular condyle, due to seriously distorted phases and excessive overlap with other anatomical structures [22] . Both conventional tomography and CT are useful for observing abnormalities in bone tissue due to developmental deformities, trauma, and tumors, but they are only limited used for observing disk displacement [23] [24] [25] . Moreover, although athrography is known to be useful for determining disk position indirectly, it has a number of disadvantages, namely, it is an invasive procedure that employs contrast media and exposes patients to high doses of radiation [26] . MRI is recognized as being very effective for determining disk shape and position, as well as and bone changes. In addition, MR imaging is non-invasive and does not involve exposing the patient to radiation; with this technology, excellent softtissue contrast can be obtained, even without the use of contrast media [26, 27] . Therefore, we used MRI, in the present study, as it was regarded as the best diagnostic imaging approach for diagnosing TMD. Here, we aimed to identify correlations between features seen on MR images with morphological and functional abnormalities in the TMJ region of TMD patients.
In this context, it should be noted that it is very important to first define the normal superior position of the disk when using MRI to determine disk position during mouth closing. Orsini et al. [19] reported the results of a comparative study of four diagnostic criteria; they found that the use of an in- termediate criterion can reduce the false-positive rate. Tasaki et al. [16] suggested a nine-item system of classification based on disk displacement. Larheim et al. [17] further subdivided this system of classification into an eleven-item classification system that included complete disk displacement and partial disk displacement. We used the intermediate zone criterion as a standard for the normal superior position of the disk, and we determined disk positions in order to distinguish between partial and complete disk displacements; moreover, in the assessment of disk displacement, we differentiated between the mesial and lateral structures of the condyle in order to obtain more detailed information about disk displacement. However, we did not observe any coronal images, and therefore we were unable to avoid the possibility of obtaining false-negative results, which was determined as a finding of a normal superior position for a true lateral displacement [28, 29] . In the present study, instead of using only a single landmark as an anatomical index in order to determine disk position, varied indexes were used according to the images. Drace et al. [18] insisted that a clear boundary was observed between the disk and its posterior tissue in 60% of TMJs studied during mouth closing; likewise, 70% of the cases evaluated showed such a boundary during partial mouth opening, and 94% did so in association with the maximum mouth opening. Moreover, as it is possible for disk displacement to result in the alteration of the posterior tissue, a division can be obscured with changes in the signal intensity on MRI [30, 31] . The boundary between the disk and the retrodiskal tissue can become obscured, particularly in cases involving the closed mouth, upon MRI used in clinical practice. Therefore, extended criteria for the determination of disk position must be taken into account, rather than limiting evaluation to boundary of the disk, when determining the extent of disk displacement.
As regards the angular measurement of disk position, Rammelsbeg et al. [20] , suggested that over 15 degrees be included in assessing the difference between the inside and the outside of disk position; in addition, over 70 degrees should be included in the category of CA, despite any difference between inside and outside of disk position. In identifying disk deformities in the TMJ, Heffez and Jordan [32] categorized disk configurations as shapes (e.g., bow-tie, straight, funnel, bulge, and Y shapes) using cephalometric arthrograms and histopathologic sagittal sections. Using MRI, Murakami et al. [33] employed the categories of biconcave, biplanar, hemiconvex, biconvex, and folded. However, there appeared to be a general lack of functional assessments among the previous reports, which focused merely on the morphology of disk using MR imaging. The present system of categorization emphasized in particular the length of the displaced disk in order to evaluate disk configurations; we also concentrated on abnormalities in the intermediate zone, which is an important anatomical structure in this context, and on alterations of the anterior and posterior bands. Although when determining the type of disk configuration, we observed differences between the mesial and distal areas according to disk position and the direction of observation, we were unable to fully account for these variations. No statistically significant differences were observed in terms of the distribution of disk positions among asymptomatic joints according to age, regardless of gender. NS showed a frequency of 60%, and that of CA was 20%, whereas CL was remarkably less frequency in the asymptomatic joint group than that in the unilaterally and bilaterally symptomatic joint groups. As regards comparisons between males and females, statistically significant differences were observed, i.e., NS was not frequently observed among females, whereas high frequencies of both CL and CA were observed among females. Upon comparison of the frequency of disk deformities among females by age, it was found that those in their 4th decade showed the lowest frequency of NS (44%), and the frequency of NS was likely to be high in subjects younger or older than those in their thirties. In contrast, subjects in their 4th decade showed the highest frequency of BV, whereas the frequency of BV was likely to be low among subjects younger or older ones than those in their thirties. Subjects ranging from their teens to their thirties showed higher frequencies of BC and FO than did those in the other age groups. There were statistically significant differences observed among females, but not among males in this regards. Statistically significant differences were observed between males and females, i.e., less frequent NS and more frequent BV were observed among females. Among those subjects with complete disk displacement, disk displacement without reduction accounted for 69% of the cases. Thus, disk displacement without disk reduction was found to occur frequently.
As regards disk positions in the unilaterally symptomatic joint group, females showed the highest frequency of CA (40%), followed by CL (26%) and NS (21%), whereas males showed the highest frequency of NS (48%), followed by CA (24%) and CL (16%). With respect to age, females in their teens showed a higher frequency of CL (40%), but a lower frequency of NS (10%) than did subjects in the other age groups. In addition, males in their teens decade showed higher frequencies of both CL and CA, i.e., 36% and 31%, respectively, and a lower frequency of NS (22%) than did the other age groups. NS was more frequently observed among females in the 7th (30%) and 3rd (26%) decade of life, and more frequently among males in the 7th (67%) and 8th (76%) decades of life, than in the other age groups. Thus, males showed a higher frequency of NS in the older age groups than did females. Statistically significant differences were observed regardless of gender, and also between males As regards the distribution of disk deformities, females showed the highest frequency of BV (25%), followed by BC (24%), FO (23%), and NS (21%); males showed the highest frequency of NS (48%), followed by BC (21%) and FO (18%). The assessment of these frequencies in terms of age revealed that females in their teens more frequently exhibited BC (34%) and FO (36%), and less frequently exhibited NS (10%) and BV (16%), than did those in the other age groups; however, males in their teens showed a high frequency of FO (46%), but a low frequency of NS (22%). A high frequency of BV was observed among females in their 6th decade (38%) and among males in their 4th decade (25%). Males showed a higher frequency of NS than did females, a higher frequency of NS was observed among males in their 5th (77%) and 8th decades (74%) than was observed among in the other age groups. The incidence of AM tended to be proportional to aging in females. There were statistically significant differences in terms of disk deformities regardless of gender, but significant differences were also observed between males and females. Among those subjects with complete disk displacement, disk displacement without reduction accounted for 72% of the cases. Thus, disk displacement without disk reduction was frequently observed.
As regards disk position in the bilaterally symptomatic joint group, females showed the highest frequency of NS (34%), followed by CA (30%) and CL (19%), and males showed the highest frequency of NS (46%), followed by CA (28%) and CL (14%); these results were thus not indicative of a significant difference between males and females. As regards these frequencies with respect to various age groups, females in their teens showed higher frequencies of CA (34%) and CL (28%), but a lower frequency of NS (21%), than did those in the other age groups, whereas males in their teens showed a higher frequency of CA (53%), but a lower frequency of NS (22%) than did those in the other age groups. CA was frequent among females in the 7th (42%) and 8th (56%) decades of life, and NS was very frequent among older subjects, regardless of gender. There were statistically significant differences in terms of frequency of the distribution of various disk positions according to age group, regardless of gender.
As regards disk deformity, NS (32%) was the most frequent among females, followed by BC (23%), BV (21%), and FO (15%), whereas NS (45%) was the most frequent among males, followed by FO (21%), BC (20%), and BV (6%). As regards frequency according to age group, NS was found to be frequent among females in the 6th (46%) and 7th (42%) decades of life, but it was not frequent among those in their 2nd (21%) and 8th (19%) decades of life; however, NS was highly frequent among males in the 5th (63%) decade, but had the lowest frequency among those in their 2nd (22%) decade of life. BC was frequently observed among both males and females in their thirties, i.e., 36% and 40%, respectively. FO was very frequent among both males and females in their teens, i.e., 50% and 22%, respectively. There were significant differences in terms of disk deformities regardless of gender, but significant differences were also observed between males and females. Among those with complete disk displacement, disk displacements without reduction accounted for 64% of the cases. Thus, disk displacement without disk reduction was frequently observed.
In terms of the partial disk displacement (PM and PL) of disk positioning, no significant difference was observed in terms of frequency in the asymptomatic joint group (4% and 9%), unilaterally symptomatic joint group (3% and 8%), or bilaterally symptomatic joint group (4% and 10%), which appeared to indicate that partial disk displacement is on the borderline in terms of its association with clinical symptoms. CM had less than a 3% frequency of expression in all three experimental groups, and was therefore quite different from CL (6%, 23%, and 18% in the asymptomatic group and in the unilaterally and bilaterally symptomatic joint groups, respectively). Although CA was most frequently expressed with disk displacement in all three experimental groups, the most remarkable increase was observed in the frequency of CL, compared with the asymptomatic joint group. This finding demonstrates that CL is closely related to clinical symptoms, which had a high frequency of expression among those in their 2nd decades of life. A higher frequency of positive findings was obtained with MRI among those in their 2nd decades of life than among those in the other age groups; this result may provide support for the report by Isberg et al. [4] , namely, that the onset of disk displacement frequently takes place during the teenage years.
The frequencies of PL and CL were higher than those of PM and CM. This finding strongly suggests that disk displacement tends to occur laterally originate in a lateral aspect of joint. In this respect, Wilkinson [34] reported observing differences in the attachments inside and outside of the disk and external pterygoid muscle; furthermore, Schmolke [35] reported finding an association between the masseter muscle and the joint capsule. Ben Amor et al. [36] reported that there were two different anatomical types of lateral disk attachment. One of these two types, i.e., that with an indirect lateral junction attached behind and below the pole through a sheet of fibrous tissue, had a significantly lower breaking strength point than did the other type, i.e., that with a direct lateral junction. Kino et al. [37] reported that most collagen fibers of the posterior band of the disk were attached to the condylar pole, and no diskal attachment was observed in the posterior aspect of the condyle. Another report noted an absence of collagen fiber to form a direct connection between the disk and the articular fossa. Scapino [38, 39] insisted that the posterior band and retrodiskal tissue became thinner in the lateral region of the TMJ, which was demonstrative of the parallel-fibered organization of the mesial region, instead of a form interwoven in a fan-like radiation.
The factors mentioned in this context may cause the lateral region of the TMJ, which is anatomically weaker than the mesial region, to be less resistant to external forces such as trauma; in addition, the lateral region may be sufficiently weak to facilitate disk displacement, may exhibit only slight restoration to a normal superior position, and may exhibit a high frequency of both PL and CL, as was demonstrated in present study.
BC showed the highest rate of expression in all three experimental groups in terms of the incidence of disk deformities; however, the unilaterally and bilaterally symptomatic joints tended to decrease somewhat with respect to BC and increase with respect to BV; moreover, these groups showed the greater increases in FO than did the asymptomatic joint group. This finding indicates that FO is more closely related than is BC to the manifestation of clinical symptoms. Although the unilaterally and bilaterally symptomatic joint groups showed a high frequency of CA in terms of disk position, and a high frequency of BC in terms of disk deformity, they both showed a greater increase in the frequencies of CL and FO than did the asymptomatic joint group. There were no significant difference in terms of the existence of disk recapture between the unilaterally and bilaterally symptomatic joints and the asymptomatic joints, which most likely indicates that disk recapture fails to be advantageous in relation to clinical symptoms. Subjects in their teens showed the highest frequency of CL with respect to disk position and FO with respect to disk deformity, both of which tended to decrease among older subjects, most likely indicating spatial and morphological changes toward CA and BV with the passage of time. In order to determine how long it would take for these changes to occur and how they might be clinically manifested, longitudinal study will be necessary. However, since the asymptomatic joint group with disk displacement and deformities showed a high frequency of CA-BV, it appears that these factors contribute to the spatial and morphological changes into CA and BV that are associated with a loss of clinical symptoms. Moreover, 69% of the joints with complete disk displacement (CM+ CL+CA) showed no disk recapture, which was also likely to be related to a loss of symptoms. Subjects in their teens showed a higher correlation between disk position and deformity upon MRI of TMD, regardless of gender, than did subjects in the other age groups; in addition, females showed a higher correlation in this regard than did males. Moreover, older males showed a lower correlation between disk position and deformity than did younger males. The unilateral and bilateral symptom joint groups showed a high frequency of CA with respect to disk position and BV with respect to disk deformities, but showed a greater increase in the frequency of CL and FO than did those in the asymptomatic joint group. Although in the present study we failed to reveal any remarkable differences in terms of disk positions and disk deformity, it is thought that changes in disk positions and deformities would be necessary in cases of TMJ with disk displacement in order to alleviate symptoms, considering the self-limitation of TMD symptoms over time. Maintenance is necessary without additional anterior disk displacement and disk deformation through strong and healthy diskcondyle complex in case of partial displacement. Hence, physiological adaptations most likely accompany consistent disk displacement, and disk deformities may subsequently occur. Such physiological adaptations are thought to be induced in order to avoid having the disk interfere with the movement of the condyle; sufficient movement anterior to condyle should be viewed in all imaging slices, and changes are thought to occur in a biconvex manner, with decreases in the length of the disk. Morphological changes to the condyle should be observed in a further study, as they were not observed in the present cases. Such morphological changes are thought to be functional at the posterior slope of the mandibular condyle, which loses its functional role without disk recapture, by shortening the structure without indicating any changes in cortication. If the above mentioned changes are not induced or fail to occur, there is a greater possibility of long-term illness without any alleviation of symptoms.
In the present study, we thought that disk position and disk deformity might be different because of the age and gender, and then that they might influence clinical symptoms. We conducted the present comparative observation of MRI manifestations according to gender and age in order to identify the correlation between clinical manifestations and MRI findings in a large sample of patients with TMD. In concluded, the present study revealed significant differences in symptoms and MRI manifestations among patients with TMD according to gender and age; moreover, females and younger subjects showed a high correlation between clinical symptoms and MRI manifestations. Additional significant differences were observed between symptomatic and asymptomatic patients with respect to disk position and deformities.
